We evaluated whether the agar plate method using a Baird Parker + rabbit plasma fibrinogen (RPF) agar could be used in place of the combination of a latex agglutination test (PS-latex) and a tube coagulase test for identification of Staphylococcus aureus from other strains of staphylococci. The PS-latex and tube coagulase tests showed positive results for 96 (100%) and 87 (90.6%) S. aureus strains, respectively. However, the PS-latex test showed positive results for 32 non-S. aureus strains. On the other hand, the agar plate method was positive for all the strains of S. aureus and showed no false-positive or -negative results. Next, we developed a highly sensitive and selective enzyme-linked immunosorbent assay (ELISA) for the detection of staphylococcal enterotoxin A (SEA). The interference by protein A and an unknown protein were eliminated using proteolytic digestion. This improved method is useful for SEA detection.
Introduction
Staphylococcus aureus is an important human pathogen and its identification is generally based on staphylococcal coagulase production. In fact, among isolates from humans, coagulase is produced only by strains belonging to this species (Roberts et al., 1996) . Rapid and reliable differentiation of S. aureus from other strains of staphylococci is important for food safety and epidemiological reasons. Generally, S. aureus has been detected onto a selective medium and identified by biochemical and/or serological tests (Roberts et al., 1996) . A number of selective media have been developed to improve the specificity of S. aureus detection, including mannitol-salt and Baird-Parker agar. Suspicious colonies of staphylococci have most commonly been confirmed by a combination of a latex agglutination test and a tube coagulase test detecting coagulase and/or specific capsular antigens (Berke and Tilton, 1986) . The latex agglutination test is used as a rapid screening method, while the tube coagulase test is generally accepted as the "gold standard" for identification of S. aureus (Wilkerson et al., 1997) . Although the tube coagulase test has been recognized as a principal tool in the identification of S. aureus, the test takes about 24 h to analyze the result. In addition, it has been reported that some tube coagulase tests show false-negative results for S. aureus (Barry et al., 1973; Doern, 1982; Mahoudeau et al., 1997; Vandenesch et al., 1994; Wilkerson et al., 1997) . Therefore, we evaluated whether the agar plate method using a Baird Parker + rabbit plasma fibrinogen (RPF) agar (bioMerieux, Lyons, France) could be used in place of the combination of a latex agglutination test (PS-latex; Denka Seiken, Niigata) and a tube coagulase test for identification of S. aureus from other strains of staphylococci. The Baird Parker + RPF agar is used for the enumeration of S. aureus without confirmation of coagulase-positive staphylococcal bacteria in food. The RPF supplement contains rabbit plasma and bovine fibrinogen, which enable the detection of coagulase activity (Beckers et al., 1984) . Although egg yolk mannitol-salt (EYMS) and Baird-Parker agar has been used as a selective medium for S. aureus (Ollis et al., 1995) , we used the Baird Parker + RPF agar to detect coagulase after isolation of colonies (Fig. 1) .
In addition to rapid identification of S. aureus, it is essential to detect staphylococcal enterotoxins (SEs), especially SEA, from the standpoint of food safety. Although six prototypic SEs (SEA to SEE and SEH) have been implicated in outbreaks of food poisoning, SEA is most frequently implicated (Atanassova et al., 2001; Wieneke, 1974; Miwa et al., 2001) . Some available commercial enzyme-linked immunosorbent assay (ELISA) kits for SE (SEA to SEE) detection are simple, sensitive (0.15 ng/mL), and rapid (Park et al., 1994) , but have some drawbacks. One of the main drawbacks of some kits is their high frequency of false-positive results. The major unrelated antigen causing false-positive results is immunoglobulin G (IgG)-binding protein A, which is produced by S. aureus (Berdal et al., 1981) . It is reported that protein A can be eliminated by the addition of normal rabbit serum to the extracts (Fey et al., 1984) . However, depending on the type of food assayed, cross-reaction with various unrelated antigens also showed false-positive results (Park et al., 1992) . Therefore, rabbit serum may be useful for detecting SEA by eliminating the interference proteins including protein A through proteolytic digestion.
In this study, we first evaluated whether the agar plate method using a Baird Parker + RPF agar could be used instead of the combination of the PS-latex and the tube coagulase tests, and then developed a highly sensitive and selective ELISA for the detection of SEA.
Materials and Methods
Bacterial strains A total of 269 staphylococcal strains were used (Table 1 ). The gram-positive, cocci and catalasepositive strains isolated from foods and human hands were applied to a Staphylogram identification kit (Wako Pure Chemical Industries, Osaka, Japan) to identify staphylococcal bacteria. All strains were grown on brain heart infusion (BHI; Difco Laboratories, Detroit, MI, USA) containing 1.5% agar at 37℃ for 18-24 h. Only S. aureus strains were used for SEA detection.
Detection of coagulase Procedures for the detection and identification of Staphylococcus aureus strains used in this study are shown in Fig. 1 .
(1) Latex agglutination test PS-latex (Denka Seiken, Niigata, Japan) was used for a latex agglutination test. The test was performed according to the manufacturer's instruction.
(2) Tube coagulase test Anti-coagulase type I-VIII rabbit serum (Denka Seiken) was used for the tube coagulase test. The tube coagulase test was performed in glass tubes with incubation at 37℃ for 2 h. Samples showing negative results at 2 h were further incubated until 48 h.
(3) Agar plate method Each strain was inoculated on a Baird Parker + RPF agar (bioMerieux) plate, which was incubated at 37℃ for 24 h. A colony with a white halo was regarded as positive to coagulase.
(4) Restriction fragment length polymorphism (RFLP) analysis for coagulase gene DNA was isolated from fermented broth of S. aureus according to the method previously reported (Shimamura et al., 2006) . The oligonucleotide primers for the coagulase gene and reaction conditions reported by Goh et al. (1992) were used. RFLP of the amplicons were determined by digestion with AluI (Promega, Madison, MI, USA) with a modification of the protocol described by Annemuller et al. (1999) .
Detection of SEA by the ELISA ELISA was performed as previously described (Shimamura et al., 2006) . SEA (0.1 to 1000 ng/mL; Toxin Technology, Sarasota, FL, USA) was used as a positive control. (Shimamura et al., 2006) .
Western blotting analysis Cultures were centrifuged at 7,000 × g for 10 min and the resulting supernatants were subjected to sodium dodecyl sulfate (SDS)-polyacrylamide (15%) gel electrophoresis (PAGE) (200 V and 20 mA). Samples were blotted onto nitrocellulose (0.8 mA/cm 2 , 15 V) and stained with rabbit anti-SEA IgG (diluted 1:12,000; Sigma, St. Louis, MO, USA). Antigen-antibody complexes were detected using goat anti-rabbit IgG (1:10,000; Kierkegaard and Perry Laboratories, Gaithersburg, MD, USA) conjugated with streptavidin-alkaline phosphatase (Dako, Copenhagen, Denmark) and visualized by BCIP/NBT phosphatase substrate (Kierkegaard and Perry Laboratories). Digestion of unknown proteins with proteases A colony of S. aureus was inoculated in 5 ml BHI broth before incubating at 37℃ overnight with vigorous shaking. Each cultured broth was centrifuged at 7,000 × g for 10 min. Seven different types of proteases, including trypsin (Sigma), protease from Aspergillus oryzae type II (Sigma), papain (Wako Chemical Industries), proteinase K from Tritirachium album (Sigma), protease from Aspergillus oryzae (Sigma), protease from Streptomyces griseus (Sigma), and thrombolysin (Sigma), were added to the supernatant at a final concentration of 0.1-2.0 U/mL in phosphate buffered saline (PBS); PBS was added as a control. The reaction mixture in a total volume of 100 µL was incubated at 37℃ for 2 h, before 10 µL aliquots of the reaction mixture were subjected to SDS-PAGE. Western blotting was performed as described above.
Detection of SEA by the modified detection method of ELISA A colony of S. aureus was inoculated in 5 mL BHI broth before incubating at 37℃ overnight with vigorous shaking. Each cultured broth was centrifuged at 7,000 × g for 10 min. Protease from Aspergillus oryzae was added to the supernatant at a final concentration of 0.2 U/mL in PBS; PBS was added as a control. The reaction mixture of a total volume of 1.0 mL was incubated at 37℃ for 2 h, before 200 µL aliquots of the reaction mixture were subjected to ELISA analysis.
Results and Discussion
Evaluation of the agar plate method The PS-latex test showed positive results for 96 S. aureus strains and 32 non-S. aureus strains ( Table 1 ), indicating that the specificity of the PS-latex test used in this study was a little low. The tube coagulase test was positive for 87 (90.6%) strains of S. aureus (Table 1) , which was consistent with previous observations (Barry et al., 1973; Doern, 1982; Mahoudeau et al., 1997; Vandenesch et al., 1994; Wilkerson et al., 1997) . The agar plate method was positive for all strains of S. aureus and showed no false-positive and -negative results (Table 1) . As this agar plate method is specific and very simple and allows for a large number of samples to be inoculated onto a plate at the same time, it is useful for identification of S. aureus. The RFLP analysis was done as a positive test for coagulase and was positive for 96 (100%) strains (Table 1) , although two of these showed only a weak positive band.
Evaluation of detection methods of SEA ELISA with a retail polyclonal antibody against SEA was positive for 34 strains. On the other hand, RPLA and PCR were positive for 8 strains (Table 2 ). The RPLA and PCR results were very similar, that is, all strains positive to RPLA were positive to PCR. As a result, 26 (29.5%) of 34 strains showed a falsepositive result for SEA by ELISA.
Digestion of unknown proteins with proteolytic digestion
The specificity of a retail polyclonal antibody against SEA was checked by western blotting analysis. The western blotting analysis showed that all strains with false-positive results by ELISA had an unknown protein fragment at around 54 kDa and protein A (42 kDa) (Fig. 2 (a) ), which is known to cause a false-positive result on ELISA. To improve the specificity, we attempted to remove these fragments by using various proteases. As shown in Fig. 2 (b) , almost all the bands at 42-54 kDa were digested by the protease from Aspergillus oryzae. In contrast, several other protease treatments showed incomplete digestion of the 54 kDa fragment.
Evaluation of the modified detection method of ELISA The effects of the combination of proteolytic digestion and ELISA were examined. Table 3 shows all SEA false-positive strains reversed to SEA negative. The sensitivity of the test was about 0.1 ng/mL SEA. Thus, the combination of proteolytic digestion and ELISA is a useful and cost-saving method to detect SEA.
In conclusion, the agar plate method using a Baird Parker + RPF agar provides simple and accurate identification of S. aureus. By eliminating the interference of protein A and an unknown protein using proteolytic digestion, we have developed a highly sensitive and selective ELISA method for the detection of SEA. Table 3 . Effect of treatment with Aspergillus oryzae protease on SEA detection in fermented broths of Staphylococcus aureus by enzyme-linked immunosorbent assay (ELISA).
